General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



NASA 

Technical Memorandum 79614 


The Utility of Surface Magnetic Field 
Measurements in the MAGSAT Program 


R. A. Langel, E. B. Fabiano, G. D. Mead 

fNAS/-T , 1-7Sfcl4) “TP® CTILUY CF SHPFJCF *78-3163? 

“ATNFTIC F I F 1 F HFA r 'IRF!*FNT5 ; IF THF "AGS AT 
rFOOF A*1 (VISA) 12 P PC A C 2 / M F A C 1 CSCT. OfN 

Hnclas 

r.3/ue, 30<n4 


AUGUST 1979 


National Aeronautics and 
Space Administration 

Goddard Space Flight Center 

Greenbelt. Maryland 20771 


SEPW7B 

/to 

•Af «n rm m 

U. S. Department of Interior 



Geological Survey 

Denvc Colorado 80225 



THK UTILITY OF SURFACE MAGNETIC LILLI) 
MEASUREMENTS IN THE MAGSAT PROGRAM 


bv 


K. A. Lange i 1 

L. B. EaLiano^ 
G.D. Mead 1 


t, Mai . .S.A. 

.... 


« 


20771 



I NTKOPM'T ION 


H«gMt is a satellite drti tftitiil (or making me as lit ement a of t he 

geomagnetic vector field. When launched in Septrmhi'r ot 1 ** 7 tl will occupy a 
1 i*w (less than 4 SO km> polar orbit, with a lifetime of ahixrt h months* Tho 
fully stahil lied , o.i rt h-or lei t oil r pacer raft will measure the earth's field to 
an ox per tod root -awn-square (tss) accuracy of ft nanotesla (nT) In each 
component and 1 nT In total intensity* Tho rss is taken over all expected 
error contr Ibut Iona , *.ic hiding orbital position and attitude accuracy* 
Attitude error !• unique to the vector moasnr « •••.: out am' account* lor the 

difference in erroi magnitude between the omponent measurement s and t hi' total 
Intensity measut • vents • 

The Ma>* sat data will have important appl tout ioiv , Including the creation 
of updated models ol the Internal magnet 1c field ot th<* earth, 1 nvest ignt lona 
of the Internal characti'i i t ic« ol the earth via study of fields induced 
within the earth, and the studv of fields duo to currents in the ionosphere 
and maguctosphei e. All ol the uses meat ioned can be enhanced by the 

acquisition ot data from nvip.net 1c observatories and repent s tat lona at the 

Biittaec of the earth* This report Is our assc smenf of tin need and value of 
auch suit ace mea nt ement s and om teco 'mint ions concerning how the present 
measurement plans could be profitably expanded* The views expressed are those 
cf the outliers and do not con titute olticlal positions ot t he two agencies* 

CUllACNKTli: F1F1.D MOPF.l.R - Sli'lMAK CHANGE 

Aicutate, up to-d.ite field .m til ls me required for a number of 
«pp*. ieations, including the production ot declination charts lor navigation, 
reuoval oi background fields trora aeromagnet tc and ship-home magnetic 
surveys, satellit. attitude control .tutl dc t ennlnat ion, and cal mint ions of 
field lines and conjugate points tor ionospheric and magnetos pher ic studi< s. 
Magsat will perform the first truly global, vector, survey oi the geo, r.net ic 
field* Field models Incorporating t In* Magsat data should be the most 
accurate, tor then epoch, oi any in existence* However, unless an aecurnte 
model of the secular variation (See Figure l) is available, these models will 
hi* come unreliable in sore regions within a few years and would be out of date 
tn about five years. A mote accurate model ot secular change would greatlv 
extend the period ot (usefulness ot field models based on Magsat data. 
Knowledge oi the soeular variation Is crucial in tying together regional 
surveys taken at different epochs and it is one oi the lew sources ot 
information regarding the r.rrth'r core, where the internal field originates, 
and the core-mantle boundary. 

Secular change models depend for their occur .icv on the availability of 
an adequate global distribution of data at token Intervals oi a few years, 
between I l U*4 and l‘Ml measurements of the scalar field were obtained from the 
l ’OHO (Polar Orbiting Geophysical Observatory ) satellites. In late and 

early 19R0 global vector measur enu nt s will be oht timxl from Magsat* But in 
periods when no spacecraft is mc.istu lug the Mold, truly global coverage Is 
not available. This can and has resulted (u field mdels with large errors In 
some locations * nuch as tho ocean n . bet i| InaJequa to detenu Inal 

of the secular vat lat ‘on. Properly placed nvtgni lie observatories and repeat 


l 


stations, with m« astir omen t s rip*at«il every 3-1 years, .in alleviate this 

problem. 

A basic data not tor use In mode 1 development will lx* obtained 1 1 *nj the 
Active standard observatories and variation stations. Those known uh as at 
this date are Hhowu In Figure 2. These will bo suppl ementeJ bv regular repeat 
measurements. Based on past experience and known commt tme it a, regular repeat 
measurements will be acquired for tin* I.S., Canada, Western Europe, Australia, 
Japan, South Africa and other countries. We str**.iglv encourage the 
continuation of such measurements and recommend additional measurements to 
obtain more uniform coverage In late ld7d and in ldRO, during the lifetime of 
Magsat. Those measurements should be repeated in (US*’ uni in l^Rs. 

It Is clear from Figure 2 that the expected distribution of sutface data 
limits many large areas, particularly In the oceans. This has resulted in a 
major shortcoming In previous secular variation models. In order to Improve 
the useful lifetime of Magsat-based models, magnetic measur ement h are 
desirable at key locations throughout the world. Figure lisa map showing 
the standard observatories, variation stations, and recommended new 
observatories and special repeat stations. Table l Is a list of the 

recommended new and special station locations. All of these stations are 

Important, hut In the event that limited resources or other eons Idei *t l mis 
require making a choice among the additional recommended stations, wc suggest 
that the higher priority stations he selected tor occupation. The list of 

locations Is based on the work of l). Voppel In Circular No. III. ot 1AGA 

Working Group V-10. 

All measurements should he absolute with the following accur teles as i 

goal: 


El.KMKNT 

OBSERVATORY 

REPEAT STATIONS 

D 

0.5' 

l.'O 

H 

2-1 nT 

5 nT 

Z 

< 5 nT 

5 nT 

F 

l nT 

2 nT 


The figures under the observatorv column represent the probable accuracy ot 
values scaled from magnetograms or obtalmxl I rom digitized data. The figures 
for the repeat nations show the probable accuracy ot the absolute 

measurement s. 

Repeat measurements should be made for a sutflclent period itroin ov ial 
days to two weeks) to Insure that the measurements arc representative of quiet 

day periods. 


UmK MANTl.l iVNItlVTIVirV 


knowledge o( (lu* e ond iK* t iv tty ol the tippet mantle 1 m valuable In 
Inferring temperature, Ninul ui« 1 , tml . .mipos 1 1 tonal v«i l/tlli«iw< Some 
InvcNt l|<4t Ioim ii>- kunti'iwitv ut Hiring I'ogo data, but tin* vector data li*Hti 
Mag eat will hi* mi’ r i’ mil tab l#, .uni wi* b«*ll«'vr (lull, when mimi'iiIihI hv suitably 
spaced Hint. iif nii' .mm emeu t h. It will extend l In' existing mill Vi is c.ipab 1 1 1 ly • 

lnvi>nl Ignlli’iw i*l uppet mantle conductivity utilising satellite data art* 
i' i’ikl iii* ( i’ll with data acquired during Muni’t li* storms. The relevant il 1 it m Mu# 
IIi’IiIh .iii’ din* to i* it i rents lu tin* ill at ant «agni’tiii|ili«tn. In particular tin’ 
i*i|u.i tot t.il i tit t i>u t shoe* ot i I u£ current • Pur inn geomag net li storm* thnit 
disturbing fields .iio I .i rite i' *wtpa i »\1 with fields tiimi othei *out * * s uni the 
leHiilttuit signal to noise latlo (actlltati’H separation ot tnteiual l i o«i 
external cur tent a* In addition to the need toi mote accuracy In Nepal at In# 
external Irom Internal Melds, there la a need to extend existing reaeareh In 
two directions: the frequency range measured needs to be extended and t lie 

Inversion to conduct Iv I tv needs to be tc Cixnpl I aheJ as a tmet Ion ol latitude 
and longitude, l.e. not assuming spherical symmetry. Anal vs t s ol Togo data 
Indicates the potential feasibility ot acctmpl tailing the first. Pie secoiul 
t , as vet, in unsolved theoretical problem, but Is nndet Invest ig.lt Ion. It 
anal yt ;c sold Ions are not oht ilmxl, Cixnput er 1 <ed numerical methods will In 
lit tit (i'ii > 


lip pet mantle conductivity studies would be gteatlv enhanced hv the 

ac qul s 1 1 ion ot relatively evenly spaced global surt.ice data. Pie desired data 

dtsti tlx ut Ion Is the same as that tot secnl.it variation described In the 

pt ev tons section, so we propose that these measurements also be made at the 

locations Indicated In Figure * and Table I. 

Fot these studies at mu l t n y e pu n global measurements are roqulrixt. We 
propose i special observing period ot two mouths tint at ton, dm tug the Mags.it 
lifetime, at which time observatory measurements would be augmented wttti 
suitably located temporatv sties to provide t lie needed global data on a 
continuous basts. Pie appropt late time period Is soon of tot Mag sat has been 

launched and its operational status veil tied. Allowing some time lor 

initoraeen di 1 1 tcul t lew , we suggi ; that an appropt late time pet tod t •• Novombet 
and Pec ember ol IS'*). Absolute measurements may not be i,s|u(i«xt lot these 
Invest tgat tons , providing that the Instrument is stable in sensitivity and the 
base level does not change by mote than 1 tAi T dm tug the two mout It |v i tod. 

lONOSniKKll* VAdNI mSMIKKli’ Sir PH'S 

M. igs.it I s not int eiuled to study the lottos phe t e ot magnetosphet e. In 
tact the twtltght orbit was chvist’U del ibet atel v to ivotvl some ot the i«*gl.’ns 
>>t intense ionospheric curt cuts. Nevertheless, because the Magsat data will 
be the most tecurtte neat -earth, satellite, vectot data evet obt.iMwxl, tt will 
make a significant c out t tbut t on to ionospheric magnet os phot lc ‘tuvlles. It 

will provide t ■*• t 1 1 •• t accm it** tn sttu m*'.isnt »*mi'ut **t tl*-ld aligned cm tents 

neat the earth a. id will help tewolvc as vet isiexpla ln«xl chai icteristics *’t 


t 


dlHtur banco (ioldii .it high latitudes, Including some features of t ho l\»go 
data . 


It Is clear from t ho analyaos of t ho I’ogo data and from theoretical 
MtudlOH that a combination of satellite and ground measurements yield more 
Information than either alone* Ulien combined with aultablo ground 
measurements, It should be possible to uae M. igs.it data to distinguish fields 
from various sources: field aligned currents, Ionospheric our rout a and 

distant magnetoapherlc currents. 

All of the measurements mentioned In previous sect Ions will in ot value 
In lonospher Ic/magnotosphor Ic studies. In ail d i t ton , concentrated measurements 
at high latitudes are used In delineating current systems. Several networks 
of high latitude stations will be In operation during the International 
Magnetoapherlc Study (IMS). The planned time period tor operation Is l*>76- 
1 «)/»». These networks Include the Canada-U.S. North American magnetometer 
network, the Cl-Oll (Committee tor Coordination of Observations associated with 
Ceos) networks In Scandinavia and Creenland, and the three chains and Iw.i 

areas of Intensive observations In the U.S.S.R. We thereto re recommend a 

continuation of operation ot these networks during the lifetime ot Magsat, 

t .e . , through the Fall of ldgl). 

Crustal conductivities will tnt lucnce measurements at high latitude IMS 
network stationa. Therefore, crustal conduct Ivity studies from Magsat would 
be possible in the regions of high latitude ionosphei Ic currents- However, 

these regions are spatial lv limited and are generally difficult to access, ind 
so we do not propose an augmented measurement program specifically t oi crustal 
conductivity studies. 


SUMMARY 

To take full advantage of the global, vector, survey by the Magsat 
satellite we have proposed an Internat lonal program of augmented surface 
measurements. For secular variation and upper mantle conductivity studies the 
proposed measurements are global. The repeat station measurements toi seculai 
variation should be occupied at 2-1 year Intervals. A special observing 
period in Novemhei and IV comber of 197*) is proposed dut ing which simultaneous, 
cont inuous, global measurement tot upper mantle cotvluc t lv 1 1 v studies are to 
bo gathered. Finally, It Is rectmmended that the networks In operation during 
the IMS extend their operation through the Fall ot 1 *> HO to provide correlative 
data useful tor high latitude disturbance studies and for crustal conductivity 
studies. 
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K. CONTINENTAL K'SHKAT STATIONS (Approximate Locations, all priority 1) 
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Figure 1: Secular variation in Total Intensity at the Fredericksburg. 
Virginia iU S.) Observatory ^3 year linear averages) showing that the field 
not only varies with time but also that its rate of variation is undergoing rapid 
change 
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Figurt 2 
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